Fast, super resolution imaging via Bessel-beam stimulated emission depletion microscopy.
A substantial advantage of stimulated emission depletion (STED) microscopy over other super-resolution methods is that images can be acquired in real-time without any post-processing. However imaging speed and photodamage are two major concerns for STED imaging of whole cells. Here we propose a new microscopy method we have termed Bessel-Beam STED (or BB-STED) that overcomes both of these limitations of conventional STED microscopy. In the proposed method, rather than exciting a single STED spot in the sample, an entire line of the sample is illuminated. This line-scanning technique dramatically increases the speed of STED. In addition, plane-illumination by scanning of the line across the focal plane of a detection objective limits the light to a thin layer of the sample and thus significantly reduces photobleaching and photodamage above and below the focal plane compared to epi-illumination. Using the organic dye Atto647N as an example, we calculated the STED power required to break the diffraction limit. The results presented here will be used to guide future experimental designs.